Soil samples from five viticultural regions in the Cape Province were analysed for the presence of longidorid nematodes. Sixteen species of Xiphine11lll were found, the most common species being X. elongatum, X. americanum and X. brevicolle. X. index was recorded from three of the five regions. A survey in the Theewaterskloof area was conducted and nine XiphinellUl species were recorded but X. index was absent.
Since nematodes of the family Longidoridae were found to be vectors of plant viruses (Taylor & Robertson, 1975) , it became important to ascertain their occurrence and distribution. Grapevine fanleaf virus (GFLV) is the only soilborne virus of grapevine reported in South Africa (Gorter, 1977) . The South African Vine Improvement Board (VIB) has been initiated to furnish plant material of a high phytosanitary standard for use in the grapevine industry. In developing phytosanitary regulations with regard to nematodes, the occurrence and distribution of virus vectors in the viticultural regions of the Cape Province needed to be established in order to ensure the prevention of reinfestation of plant material with GFLV. One of the conditions for participation in the plant improvement scheme is the absence of vectors of GFLV in soil samples (Cohn et al., 1970; Hewitt et al., 1958) .
Concern of the VIB regarding the possible spread of X. index by irrigation water from the Theewaterskloof dam (34° 01 ', 19° 54') to the uninfected Berg River and Eerste River valley prompted a survey of the Theewaterskloof dam catchment area. The Theewaterskloof dam is situated in the Riviersonderend valley near Villiersdorp. Apart from runoff from its own catchment, inflow is supplemented by runoff from neighbouring catchment areas and is transferred via intake works, shafts and tunnels (Fig. 2) . Construction on the Theewaterskloof dam started in 1968 and since 1980 water has been distributed through the tunnel system to the Berg River and Eerste River valleys. It was demonstrated that plant parasitic nematodes could be spread through treated municipal water (Smith & van Mieghem, 1983b) as well as irrigation water (Smith & van Mieghem, 1983a) . This was confirmed by Barbercheck et al. (1985) in a survey of the distribution of X. index along the Breede River and the distribution of X. italiae along the Berg River (Van Reenen & Heynes, 1988) .
The present survey was launched to determine the presence of X. index in vineyards in the Theewaterskloof area since it is situated close to the Worcester and Robertson areas, where X. index was found to be one of the most common longidorid species (Barhercheck et al., 1985) . X.
index has a limited host range with fig as the most important host (Bleve-Zacheo & Zacheo, 1983) , followed by grapevine (Kunde et al., 1986) . Alternative hosts do exist (Cohn & Mordechai, 1969) , but X. index does not reproduce well on these. The present paper reports on the occurrence and distribution of longidorid species identified in samples from socalled mother units, nurseries and established vineyards in the Cape Province, and a survey of the Theewaterskloof catchment area.
MATERIALS AND METHODS
Soil samples were analysed during September and October of each year for a period of six years. Samples were collected from viticultural regions in the Cape Province, which include the Southwest Cape Coastal, Breede River Valley, Klein Karoo, Olifants River and Orange River regions ( Fig. 1) , including the Ceres, Hermanus and Piketberg areas. 
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The survey in the Theewaterskloof region was conducted during September. Soil samples were taken from established vineyards generally situated close to rivers feeding the dam. A total of 44 soil samples was taken from vineyards in the region, including the Rooihoogte (86% ), Vyeboom (9%) and Elandskloof areas (5%) (Fig. 2) . Three samples were taken at fig trees, two in the Rooihoogte area and one in the Vyeboom area.
Soil samples at the different localities were taken with a spade or a soil auger, depending on soil type, to a depth of 30 em. Nematodes were extracted by suspending 500 cm 3 soil in water which was subsequently sieved twice through three stacked 150 fLm sieves (Flegg, 1967) . Residues on sieves were washed into a 500 cm 3 beaker and cleared for 24 h on a modified Baermann funnel fitted with a 142 fLm aperture nylon sieve. Alllongidorid specimens were hand picked, killed and fixed in hot (80-85°C) FAA fixative (Hooper, 1970) . After two days in FAA the nematodes were dehydrated, processed in pure glycerine and mounted on permanent microscope slides (Seinhorst, 1962 Heyns, 1974 , X. italiae Meyl, 1953 , X. vanderlindei Heyns, 1962 , X. pachtaicum (Tulaganov, 1938 , X. index Thorne & Allen, 1950, X. meridianum Heyns, 1979 , X. vitis Heyns, 1974 , X. krugi Lordello, 1955 , X. parvistilus Heyns, 1985 
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DISCUSSION
Xiphinema spp. occurred in only 37% of the samples, which include samples from mother units and nurseries (Table 1 ). This low incidence should be viewed against the backdrop of 91% incidence in established vineyards in the Theewaterskloof catchment area ( Table 2 ). The low incidence can possibly be attributed to several cultural practices such as regular soil fumigation, extended fallowing, use of virgin land and crop rotation in mother units and nurseries.
In the survey of established vineyards in the Theewaterskloof area, two or more species often occurred together in a single sample. Single species occurred in 34% of the samples while 21%, 27%, 7% and 11% contained two, three, four and five longidorid species respectively. The Worcester area (Table 1) yielded up to 15 different species.
X. americanum occurred in the Coastal and Breede
River regions (Table 1 ). This nematode is also a vector of nepoviruses, such as peach rosette mosaic virus, the grapevine yellow vein virus strain of tomato ringspot virus (Bovey et al., 1980) and tobacco ringspot virus (Mcguire, 1964) in the U.S.A. According to Lamberti & BleveZacheo (1979) X. americanum sensu lata is a complex containing many different species and clarification of the vector potential of the component species is required. X. italiae is more widely distributed in the viticultural regions of the Cape Province than was initially indicated (Van Mieghem & Pieterse, 1989; Van Reenen & Heyns, 1986) . It occurred in all regions except the Orange River and Klein Karoo regions where the number of samples taken was very low. According to Trudgill et al., ( 1983) the experimental proof supplied by Cohn et al., (1970) is sufficient to regard X. italiae as a vector of GFLV. Catalano et al., (1992) found no GFLV associated with X. italiae in ELISA tests and in transmission studies, but indicated that no feeding had taken place. X. index was first recorded in Robertson and Swellendam (Heyns, 1971) . A survey of the Breede River valley indicated that X. index occurred only in the Robertson district (Barbercheck et al., 1985) . X. index was reported in samples from the Plant Improvement vineyards (Barbercheck & Heyns, 1986) in the Worcester district. Van Reenen & Heyns (1986) reported a single X. index specimen during a survey of the Berg River system on the farm La Shamell in the Paarl district in 1986, but subsequent sampling yielded no more specimens of X. index. During this survey X. index was again found in the Breede River region and in two samples in the Paarl area, but in a different locality. It was also found in Calitzdorp and Ladismith in the Klein Karoo region. Six Longidorus spp. are known to transmit nepoviruses associated with a grapevine disease (Lamberti & Roca, 1989) . None ofthese species was found in vineyards in the Cape Province. L. pisi was found in 38 localities, but has not been reported to be a virus vector as yet.
The Theewaterskloof survey provided the first record of X. judex on grapevine in the Cape Province. The species was originally recorded from wet soil under ferns in Venda, from indigenous grassland at Leisure Bay in Natal (Hutsebaut et al., 1989) and from Transvaal (Hutsebaut & Heyns, 1989.) Heyns (1977) described X. krugi from two vineyards in Brandvlei and Stellenbosch respectively. Barbercheck et al. (1985) (Heyns, 1979; Coomans & Heyns, 1985) . X. vitis, X. meridianum, X. parvistilus, X. vanderlindei and X. pachtaicum occurred more frequently; with the exception of X. pachtaicum; all these species are endemic. The present survey as well as similar studies (Barbercheck & Heyns, 1986; Van Mieghem & Pieterse, 1989; Van Reenen & Heyns, 1986) indicated that X. elongatum, X. americanum and X. brevicolle are the most common Xiphinema species occurring on grapevine in the Cape Province.
The Theewaterskloof catchment area survey indicated longidorid species in 91% of the samples taken, but no X. index was found. No water is actively transported via pipelines or tunnels from the Robertson or Worcester areas infested with X. index. The elevation of Rooihoogte prevents runoff water from infested areas entering the dam. From these results it can be concluded that the possibility of dissemination of X. index through irrigation water from the Theewaterskloof area seems to be slight.
The presence of X. index in the Cape Coastal region is discouraging since most of the mother units and nurseries participating in the plant improvement scheme are situated in this region. Once soil is infested with X. index it cannot be used for the production of GFLV-free grapevine material, since fumigation can only temporarily reduce nematode numbers and the nematodes may survive for up to ten years on root fragments in the soil (Raski et al., 1965) . The local populations of X. index is a good vector of GFLV (Malan & Meyer, 1992) , but also a potent pathogen on certain grapevine rootstocks such as Jacquez and S04 (Malan & Meyer, 1993) .
